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SUMMARY 

. The effects of inlet-air-flow  distortions on the performance of the 
J65-B-3 turbojet  engine were determined In an altitude t e s t  cPlamber over 
a range of alt i tudes from 15,000 t o  50,000 fee t  at a flight.Mach number 
of 0.8. The configurations  investigated.  included two radial distortions 
having different  passage  penetration asd one circumferential  distortion. 
A l l  distortions  investigated had approximately a 20-percent to ta l -  r;' 

G 
4 pressure  variation at rated  corrected  engine  speed. 

The radial inlet-air-flow distortions "washed out" in the f*st few 
compressor stages and, therefore,  affected only the compressor  perform- 
ance. The circumferential  Met-air-flow  distortion  carried completely 
through the engine and had a smal l  effect an component efficiencies.  For 
rated exhaust-gas  temperatures and fixed-area  exhaust-nozzle  operation, 
the net-thrust loss caused by the  effect of radial distortion an canrpres- 
sor  efficiency and air  flow WRS about 4 percent, while the net-thrust 
loss caused by the effect  of circumferential  distortion on the  turbine 
temperature prof i le  was 3 percent a t  an al t i tude of 35,000 fee t .  

Inlet  pressure  or air-flow dis tor t ions of appreciable magnitude a t  
the inlet of turbojet  engines have been encountered in flight with magy 
current  aircraft. These distortions  result  from i n t e e - f l o w   s e p a r a t i o n  
within the diffuser or operation at off-design  inlet  conditions. As 
shown by previous  Fnvestigations (refs. 1 t o  31, Met-air-f low distor- 
tions may resul t  in reductions in  thrust,  high local turbine  temperatures, 
compressor stall, compressor blade vibration,  decreased  acceleration 
rates, and caibustor blow-out . 

9 

The effects of inlet-air-flow  distortions on the performance of the 
J65-B-3 turbojet  engine were determined in an NACA Lewis al t i tude test 

" chamber as part, of an evaluation,of  inlet-air-flow  distortions on a 
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number  of current  turbojet  engines.  Inle-bair-flow  distortions  investi- 
gated included two radial distortions having different paesage p-tra- 
t i on  and one circumferential  distortion. The three distortions had 
approximately a 20-percent inlet-total-pressyre  variation a t  rated cor-. 
rected  engine  speed. 

Data taken over a range of al t i tudes from 15,000 to 50,000 feet at 
a flight Mach number of .0 .8  are presented t o  show the effect  of W e t -  
air-flow d i s t o r t i o n s  on component-performaice, o v e r - a  engine pumping 
characteristics,  net thrust, and specific fuel consumgtion. The. effect  
of Wet-air-flow aistortions on the surge and acceleration  characteris- 
t i c s  of the J65-B-3 twboje t  engine is presented i n  reference 1. 

F a c U t y  

The instal la t ion of the .J65-B-3 turbojet engine i n  an a l t i tude  test 
chamber is shown in figure 1. Dry aFr was supplied. t o  the engine Wet  
at  the  total-  pressure and temperature of the desired flight condition . 
The s ta t ic  pressure i n  the a l t i t ude   t e s t  chamber Was decreased t o  curre- 
spond t o  the desired altFtude. . .  

Engine 

The J65-B-3 turbojet  engine has a._XLstage axial-flow compressor, 
an annular prevaporizing-typ combyLion chamber, and a two-stage tu- 
bine. A t  military rated C-onditions, the-  engine  speed is 8300 rpm and 
the  turbine-outlet  temperature is U66O F. The engine wa8 equipped with 
a fixed-area exhaust nozzle sized  to  give  rated  turbine-outlet tempera- 
ture at rated engine  speed  during static  sea-level  operation. Clamshell- 
type  flaps were installed on the exhaust nozzle t o  allow &ta t o  be taken 
with exhaust-nozzle areas smaller thm'rated. 

A i r  was bled from the f i f t h  stage of the canpressor f o r  oil-mist 
lubrication and discharged  overboard. T h e  overboard air flow, which is 
composed of oil-mist bleed air  and compressor-discharge seal leakage,. 
amounted t o  about 1.5 percent of the engine-inlet air flow. The turblne 
shroud was cooled by air bled from the conibustor  (Etpproximately 1.75 per- 
cent), the bleed a i r  returning t o  the mainstream downstree of the 
turbine. 

The  fuel used  throughout this Fnvestigation was MIL-F-5624A, -&.e 
JP-4, with a hydrogen-carbon r a t i o  of 0.169 and a 1ower.heatlng  value of 
18,700 3tu  per pound. . .  . .  c I 
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Distortion  Screens 

Screens  used t o  introduce  inlet-air-flow  distortions were located 
39 inches ahead of the M e t  guide  vanes. A 4 x 4  mesh backing  screen, t o  
which blockage screens- were attached, covered the  entire passage (f ig  . 
2).  Two radial distortion  screens having different  passage  penetration 
(figs.  2(b 1 and (c ) ) blocked the annulus next t o  the  outer wall of the 
passage. A cylindrical  sheet-metal  splitter  duct  starting at the d e r  
edge of the blockage  screen and extending to   t he  inlet guide vaae8 was 
installed with both  radial  distortions. The blocked  (low-pressure)  pas- 
sages  covered  approximately- 30 and 50 percent of the passage  depth at the 
in le t  guide vanes. Hereinafter  the radial distortions wlll be  referred 
t o  as a 30-percent- and a !50-percent-penetration  distortion. One circum- 
ferential  distortion-screen assembly (f ig .  2(d)) with,blockage varying at  
45' intervals around the  passage was used t o  introduce an Met-air-f low 
distortion having a gradual  variation from meximum t o  minimum around the 
pas sage . 

Instrumentation 

' Instrumentation a t  various  stations throughout the engine are shown 
in figure  3. A l l  pressures were measured with mEcnametere and recorded 
photographically. Temperatures were measured with  either  iron-constantan 
o r  chromel-slumel  thermocouples and recorded by EL self-balancing poten- 
tiometer.  Fuel  flow was m e a s u r e d  by calibrated rotmeters .  Conpressor 
rotating-stall  zones were determined  with  hot-wire memonetem, Installed 
in  the  stator passages of the f i r s t  three stages, in conjunction  with & ~ 1  

oscilloscope. 

All data w e r e  taken a t  a flight Mach nutiber of 0.8 at the following 
alt i tudes : 

Distortion Altitude, ft 
R a t e d  exhaust- Variable exhaust- 
nozzle area nozzle area 

15,000 35, ooo 50,000 35,000 

Unif ora flow x X X X 

Radial, 30-percent penetration 

X Radial, %-percent  penetration 

X X X x 

Circumferential X X 
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The inlet   to ta l   pressure of the  desired flight condition wa6 set in the 
unblocked section of the duct downstream of the distortion screen. Dah 
were taken  over a range of corrected  engine speeds from 5000 t o  9000 rpm 
w i t h  rated exhaust-nozzle  area and from 5000 t o  7000 rpm with  variable 
exhaust-nozzle area in approximately 500 rpm Fncrements. Variable- 
exhsmt-nozzle-area data were obtained between the rated-exhaust-nozzle- 
area operat-ing line and the turbine  temperature limit primariLy t o  map 
out the rotating-stall  regfon. The operating limlt of the engine w&0 
represented by either a turbine-outlet  temperature of U66' F or a me- 
chanical  enghe speed of 8300 rpm. n 

... rl 
43 
- !  

Definitions of symbols and  methods of CklCUlatiOn are preeented i n  
the appendixes. " 

Pressure and Teqerature Profiles 

Engine-inlet  total-press.ue var;tation, wkich is a function of the 
engine air f l o w ,  is shown in figure 4 for a range of corrected engine 
apeeds from 5000 t o  9000 rpm for all three  d-tortions. At rated cor- 
rected engine  speed (8300 rpm} both radial distortions had approximately 
21  percent  total-pressure  vqia%ion and the  circumferenttal  distortion 
had approximately 1 9  percent  tatal-pressure  variation. 

Pressure and temperature profiles (figs. 5 t o  8) are shown fo r  a 
corrected e n g ~ e - s p e e d  of 8300 r p m  at the following engine locations. 

Elngine . location 

Compressor in le t  

Compressor znd stage 

Compressor 4 . .  stage 

Compressor outlet  

Turbine out le t  

t h  

Radial . Circumferential 
distortions dis tor t  ion 1 

Yessure d Cmperatur Pressure 

X 

X 

X 

X X 

X X 

Eeqerature 

X 

X 

The compressor-inlet pressure profiles were measurea in  811 inlet-guide- 
vane passage with the radial distortions and a t  s ta t ion 2 with the  cir- 
cumferential  distortion. . The circumferential  compressor-inlet  total- 
pressure  profile wa& assumed t o  be symmetrical on both  halves of the 
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passage, and consequently only one-half of the  in le t  circumference was 

feet and a flight Mach  number of 0.8, they  should also apply to  other 
flight conditions . 

* instrumented. Although the  profiles shorn are  f o r  an altitude of 35,000 

As shown by the data of figure 5, radial pressure  profiles were 
essentially "washed out" in the f i rs t  four compressor stages.  Increased 
pressure r a t io  a t  the bJAde tips ( c d h a t i o n  of figs. 5(a) and (b))  
produced a high local temperature a t   t h e  blade t ips   ( f ig .  6) whfch per- w 

03 sis ted throughout the compressor but was negligible at the outlet  of the 
G turbine.  Circumferential  pressure  profiles  carried throughout the en- 

gine  but  decreased in magnitude (f ig .  7),  resulting in approxhately a 
3-percent  average  variation i n  both  pressure and t eqe ra tu re  at the  out- 
l e t  of the tdbine (figs. 7 and 8). 

Component Performance 

Efficiencies. - As shown by the data of figure 5, the radial dis- 
tortions  affect primarily the Inlet  stages of the  coq?ressor. In these 
stages  the  section of each  blade in the blocked ( low M e t  pressure)  por- 
t ion of the annulus w i l l  have a lower axial W e t  velocity and, therefore, 
w i l l  be operating at a higher  angle of attack th8n n o m l .  A t  low engine 
speeds the  inlet   stages of the compressor are normally operating at high 

effect  of radial met-air-flow  distortions on compressor  performance at 
low speeds is more severe than at high speeds (f ig .  91, even though the 
distortions  are smaller. This decrease in performance of the inlet 
stages of the compressor a t  low engine speeds w i t h  a radial inlet-air- 
f low distortion can be seen more clearly in figure 10, which presents 
the characteristic  curves  for compressor stages 1 and 2, and 3 and 4 .  
Also, the  radial  inlet-air-flow  distortions  decreased  the peak pressure 
coefficient of the first two stages and  caused rotating s t d l  to persis t  
t o  higher  engine  speeds. 

-? 

- angles of attack and generally in a stalled  condition and, therefore, the 

The decrease in compressor efficiency at l o w  engine  speeds  caused by 
the radial inlet-air-flow  distortion was 1 and 4 percent 'a t  altitudes of 
15,000 and 50,000 feet,  respectively  (fig. 9) .  At corrected  engine 
speeds between 7000 rpm an& rated, radial distortions of the magnitude 
investigated had a negligible  effect 011 carpressor  efficiency. A t  cor- 
rected  enghe speeds above Yated, the radial inlet-air-flow  distortions . 
became large,  resulting in a s m a l l  decrease in canpressor  efficiency. 

Compressor efficiency was essentially  unaffected by a circumferential ' 

distortion of the magnitude investigated  (fig. 9 ) .  With circumferential 
inlet-air-flow  distortion the blocked  and  unblocked portions of the com- 
pressor  are  operating at the same corrected  engine  speed. The blocked 

9 

- portion will be operating at a higher pressure rat i o  than no-, and the 



unblocked portion will be operqting at a. loyer .pr essure...ratio  than  nor- 
mal, so that all portione will essentially shift  t h e i r  respective oper- 
atAng points  along a c-onstant-corrected-engine-speed line of the uniform- 
inlet-flow carnpressor map (ref. 2 ) .  I n  th i s  case -the shift in the oger- 
ating  points of aL1 portions-of the compressor -8 not sufficient t o  
cause an appreciable change in  .the over-all  cciipressar  efficiency. 

Within the range of accuracy, dis'mrtim had negligible  effect on 
combustion and turbine efficiencies (figs. Ll and 12), which is similar 
=he results of references 2 and 3. 

Compressor  maps. - The compressor maps fo r  uniform flow, 30-percent- 
penetration radial d.5xturtion .and circumferential  distortion are shown 
in  figures 13(a), (b), and (c), respectively, for  an al%itude of 35,000 
f ee t  and 8 flight Mach nmiber of 0.8. An attempt- has been made t o  shm 
the regions where dtfferent numbers of rotating stalls exist ,  even though 
the boundaries between the regions are not w e l l  defined. A three- 
rotating-stall-zone  pattern rreemed t o  be the most stable, with or  without 
distortion; and a peak in campressor pressure  ratio, at a given  corrected 
engine  speed,  generally-occurred within this region. A stable two-zone- 
rotat ing-stal l   pat tern  rarely occmred, and frequently  operation went 
direct ly  between 8 three- and a o n e - ~ o n e - r a t a t i n g - s t ~ . ~ ~ t ~ ~ .  The 
formatkon of one-zone mta t ing . . s ta l l .  is. .called the stea+y-state stall 
lFmitj even  though a complete stall does not exist because at this point 
the  compressor efficiency and, therefore, the pressure r a t i o  and the air  
f l o w  decreased markedly, and the  turbine genera- encountered overtem- 
perature in this region. . .  

The circumferential  distortion  (fig . 13(c 1 ) had a negligfile effect- 
on the rotating-stall   characterist ics and the stall limit. The 30- 
percent-penetration  radial  distortion  (fig. 13(b) ) decreased the stall  
limit at intermediate engFne speed (6000 t o  6500 rpm); caused a widening 
of the  rotating-stall  regions st engine  speeds below 6000- .rpm, so that 
the  rated-exhaust-nozzle operating line passed through the region of four- 
zone rotating stall Fnatead of f ive  zone; and caused ro$ating stall t o  
p e r s i s t   t o  higher engine  speeds. Radial distortLon also decreased the 
air f lowa t  a given  Corrected  engine speed. Generally, the effects  and 
trends  obtained frm these  distortions are characterist ic of those ob- 
tained from  similar distortions  investigated on other  engines. 

Steady-state and transient limlts. - In the rotating-stall  region a 
higher. cbmgressor Sressure  ra t io  can be obtained. by traneient  operation 
than by steady-state operati&.- A s  .dbcusiied pr6?iouS~, .the lines of' 
constant  corrected engine speed i n  the rotating-stall  region of the cam- 
pressor-map  reach a peak in, or near, the three-rotating-stall"zone 
r e g i a .  These-peaks represent the maximum compressor pressure  ratios 
that c m  be obtained by steady-state operation. . ..  

. 
. "- 
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Data in reference 1 indicate that, during  a  f’uel-step  acceleration 
Y of this engine,  complete  comgressor stall, frequently accompanied by 

surge,  occurs. & the   rotatag-stal l   region the comgressor pressure 
rat io   just   pr ior  t o  camplete stall wa8 higher than  the maximum compres- 
s o r  presswe r a t i o  (not the pressure r a t i o  at the stall I M t )  obtain- 
able  during  steady-state  operation at the same corrected  engine  speed. 
These two compressor-pressure-ratio limits are shown in relation t o  the 
rated-exhaust-nozzle  operating  line in figure 1 4  for  uniform inlet flow. 
Lnsufficient Fnstrumentation  prevented  determination of the  exact phe- 
nomecon which allowed the  transient  conqressor  pressure  ratio t o  exceed 

that  even during  the small fuel  steps  reported  therein all the  rotating- 
staU patterns-formed  in the normal steady-state sequence do not have 
time t o  form. At spe-& above the  rotating-stall  region the steady-state 
limit was a turbine temgerature lfmit, wbich is also shown in figure 14. 

0 4  

0 4  the  steady-state maximum value. However, the data of reference 4 show 

The effect of inlet-air-flow  distortions on the maximum steady-state 
compressor pressure ratios, steady-state  temperature limits, transient 
stall limits, and rated-edhaust-nozzle  operating lines is shown in f ig-  
ure 15. In the  rotating-stall  region,  the radial 3nlet-aQ”flow  distor- 
tions  decreased  both  the  steady-state and the transient compressor- 

radial distortions extended the rotating-stall region t o  a higher  enghe 
speed, as previous&y indicated, which caused a considerable  decrease in 
the maximum compressor pressure rat ios  in the range of corrected  engine 
speeds from 6200 t o  6800 rpm.  The steady-state  operating  pressure ratios 
decreased slightly with both radial distortions, whereas the pressure 
r a t io s  for  the  circumferential  distortion were the same as f o r  uniform 
inlet  flow. 

r pressure-ratio limits more than the circumferential  distortion did. The 

CI 

~. 
- ”  . 

-. 
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Over-All  Engine  Performance 

Pumping characteristics. - The engine pumphg characteristics  are 
presented in figures  16(a), (b), and (c> at a flight Mach nmiber of 0.8 
and alt i tudes of 15,000, 35,000, and 50,000 feet,  respectively. The 
pumping characteristics  plotted  are  engine  total-temperature  ratio, en- 
gine  total-pressure ra t io ,  c-orrected  engine a i r  flow, and corrected  fuel 
flow. 

In general,. the distortions,  both  ‘circumferential and radial, did 
not affect the engine p q i n g  characterist ics more than 1 t o  2 percent 
in the-high-speed  range  except that the  radial  distortions reduced the 
corrected  air  f l o w  as mch as 3 to 4 percent. The variations Fn pressure .- 

ready  discussed. 
a and temperature r a t i o  r e f l ec t .  the -changes in component efficiencies al- 

. .  
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N e t  thrust and specffic fuel cazrsuqttm. - Associated with the 
losses in engine pump- characteristics.&ie  to  inlet-air-flow  distor- 
t ions a r e -  a reduction in net thrust and possibly an increase i n  specific 
fue l  consumption. Far  the eng-ine operating with a...fixed-area exhaust 
nozzle and at rated exhaust-gas  temperature,  the loss'in thrust result- 
Fng from both radial distortions  investigated  mounted  to about 4 per- 
cent for an altitude of 35,000 feet and f r igh t .  Mach nurber of 0.8. This 
loss i n  thrust results from a decrease 3n compressor efficiency of about 
1 percent and a loss in air flow of 3 percent. Accompanying the thruat 
loss  was an increase in  specific. fuel consumption of about 2 percent. 

With the circumferential  distortion there was no measurable thruat 
loss due t o  a decrease in component efficiencies. flowever, there i s  a 
thruet loss because of the turbine gas-temperature prof i le   ( f ig .  8), 
which requires a reduction in engine speed t o  prevent local turbhe tem- 
peratures from. exceeding tslimit. The turbine-outlet  temperature pro- 
f i l e  in figure 8 is at rated corrected engine speed and not rated turbine- 
outlet  temperature, but the prof i le  at mted turbine-outlet temperature 

. is almost identical.  For a circumferential.  distortion of the magnitude 
Fnvestigated, a 2-percent  reduction i n  average exhaust-@;as temgerature 
was required. Thfs was obtained.by a 1.3-percent  reduction i n  corrected 
engine speed and resulted in  approximately a 3-percent loss in net 
thrust .  Figure 17 presents the net-thrust loss that would be associated 
w i t h  any reduction i n  average  exhaust-gas temperature between 0 and 10 
percent for an a l t i tude  of 35,000 feet and flight-Mach Ilumber of 0.8, 

i -  

The loss in net- thrust result ing from the turbine gas-twerature 
prof i le  did not cause the  specific  fuel consumption t o  Increase  but  ac- 
tually t o  decreases slightly (about L percent 1, because the reduction in 
engine speed shifted the compressor aper6ting p o i n t t o  8 region of higher 
efficiency . 

SUMMARY OF RESULTS 

The followbg  results were obtained from a determlnation of the 
effects  of inlet-air-flow distortion on the J65-E-3 turbojet. engine: 

Two radial Wet--air   distortions,   both having total-pressure varia- 
tions of 2 1  percent at rated corrected engine speed, "washed-out" in the 
f i rs t  few  ccmrpressor stages. Because these radial distortions did not 
persis t  throughout the engine, .combustor and turbine performance was 
unaffected. The radial distortions  affected the rotatFng stall  of the 
c w r e s s o r ,  causing the steady-state stall limit at intermediate engine 
speeds t o  decrease, and extended the en t i r e   ro t a t ing - s td l  region t o  
higher engine speeds. The--decrease i n .  a ir  flow and the slight decrease 
in compressor efficiency caused by the radial d is tor t ions  decreased the 
rated net thrust approximately 4 percent. I 

4 
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An approximately sinusoidal circumferential  inlet-air  distortion, 
having a total-pressure  variation of 19 percent at rated  corrected en- 
g h e  speed, carried comgletely  through the  enghe  but  decreased i n  mag- 
nitude i n  passing  through the engine. This distortion had a small effect  
on component efficiencies. The resulting  distortion a t  the turbine 
caused loca l  turbine-outlet  temperatures to exceed the temgerature l imit .  
The decrease in engine  speed  necessary t o  prevent  the  turbine frm en- 
countering  overtemperature  resulted in a decrease in rated  net  thrust of 
approximately 3 percent at an alt i tude of 35,000 feet  and flight Mach 
number of 0.8. 

Lewis Flight  Propulsion  Laboratory 
National Advisory C-ttee for  Aeronautics 

Cleveland, Ohio, Septenber 13, 1955 
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SYMBOLS 

The following sjrmbols are i n  this report : 

area, sq f t  

coef f i c  Lent 

diameter, f t  r 

thrust, l b  

acceleration due to  gravity, 32.2 ft/sec 

enthalpy, Btu/lb 

constant 

Mach  number 

engine speed, rpm 

total  pressure, lbjsq f t  abs 

static  pressure,  lb/sq f t  abs 

gas constant, 53.3-ft-lb/(lb)(%) 

number of atages 

t o t a l  temperature, 41 
s t a t i c  temgerature, OR 

velocity,  ft/sec 

flow rate,  lb/sec o r  l b / h  

r a t io  of specific heats 

ratio of t o t a l  pressure t o  NACA standard sea-level- s t a t i c  

2 

pres sure 

efficiency 

.* 

. . -. 
. .  

.\ 
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e ratio of total temperature t o  NACA standard  sea-level  static 
temperature 

rp f l o w  coefficient 

$ pressure  coefficient 

Subscripts : 

a air 

av 

b 

C 

D 

d 

F 

f 

m 

average 

cambustor 

compressor 

distorted 

dis chaxge 

thrust 

fuel 

gas 

J e t  

mean 

0 overboard 

s turbine shroud 

t tu rbhe  

U unif o m  flow 

0 free stream 
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inlet  duct 2% in. upstream of distartion  screens 7 

W e t  duct 1% in. downstream of distortion  scree118 and 1% in. 3 5 

ahead of compressor-inlet  guide  vanes 

conpreseor  outlet 

t u rbbe  inlet 

turbine outlet 

exhaust -nozzle W e t  

exhaust-nozzle  throat 
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METHODS OF CALCULATION 

Average  Pressures  and  Temperatures 

13 

The  Fnlet  total  pressure P1 was taken  as  the  arithmetic  average 
of 12 probes  (two  probes  located 180' apart in each  of six equd con- 
centric  areas). 

The M e t  static  pressure p1 was taken EIB the  arithmetic  average 
of four wall static  taps  located 90' apart. 

The inlet  total  temperature TI . was taken  as  the  arithmetic  aver- 
age of. six thermocouples (two thermocouples  located 180' apart in each 
of  three e q d  concentric  areas). 

The  inlet  total  pressure P2 for uniform flow and for  the  radial 
distortions w a s  taken  as  the  arithmetic  average of eight  Fntegrating 
rakes (four rakes  located 90° apart in each duct). c 

, The  inlet  total  pressure, P2 for  the  circumferential  distortion 
was taken  as  the  arithmetic  average of 20 probes  located on 20 equal 
concentric areas (every fourth probe  located on same rake- rakes  at 27O, 
SOo, 207O, and 297O clockwise fran top  looking  downstreamj. 

The  pressure  and  temperature f o r  the second- and fourth-stage  stator 
were  taken  as  the  arithmetic  average  of  five  probes  located on m e  rake 
and Fn five equal concentric areas. 

The compressor-outlet  total  pressure P3 was taken  as  the with- 
metic  average of 12 probes  (three  probes  located  at 70°, 188', and 334O 
clockwFse from top looking downstream in each of  four  equal  concentric 
areas 1 . 

The  compressor-outlet  total  temperature T3 was taken as the 
arithmetic  average  of 12 probes. (six on each  of  two  rakes  located 180° 
apart). 

The  turbine-inlet  total  pressure P4 was calculated  from Pg and 
1 a curve  of P4/P3 against N / f i  as  determined  experimentally in the 

pro@-=. 
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The turbine-outlet  total  pressure P5. w a g  taken aa the artthmetic 
average of 15 p r o % ?  (five probes on each .of three  rakes  located at 99O, .. 
213O, and 333O clockwise from top looking downstream). 

The exhaust-nozzle-inlet  total  pressure Pg w8s taken as the  arith- 
metic  average of 35 probes (five probes  located 7Z0 apart in each of 
seven equal concentric areas). 

The exhaust-nozzle-Met  total temperature Tg was taken as the 
arithmetic  average . o f  30 &hemcouples  (five thermocouples located 72' 
apart in each o F s i x  equal  concktric  areas 1. 

m 
4 co 
M 

" 

A i r  Flow 

The engine-inlet air f l o w  w wa6 calculated frm one-dimensional a, 1 
corupressible-flow relation6 (ref. 5) using the  effective area and the 
average  pressures and temperature at s ta t ion  1. The- effectlvo  area at 
s ta t ion  1. was 4.754-sqmre feet [AL = 4.851 sq ft, Cd = 0.98). A i r  
bleeds and the  addition of fue l  resulted Fn the fbUowLng mass flow9 at 
other  stations : . - .  * 

.. . . . " 

W a,3 w a , ~  - wa,o . 
W = w  - w  
gJ4 a > o  

W = w  - w  + wf/3600 g,9- a , l  a,o 

Compressor Efficiency 

The compressor eeficiency is defined as the r a t io  of isentropic 
enthalpy  r ise   to  the actual enthalpy rfse across  the cc~n~?ressor. Tu 
terms of pressure and temperature, t h i s  becames: 

Y 1-1 - 
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Combustion Efficiency - 
The ccf iut ion  eff ic iency is defined as the   ra t io  of actual  enthalpy 

rise t o  the  theoretical  enthalpy rise across  the  engine: 

TurbFne Efficiency 

? The turbine efficiency is defined as the r a t i o  of actual  enthalpy 
drop t o  the  isentropic  enthalpy drop across  the turbine. In term of 
pressure and temperature, t h i s  becomes: 

d 

T9 
- T4 

1" 

.'lt - 

The turbine-inlet  temperature T4 was  calculated by assllming that the 
turbine  enthalpy drop equaled  the  congressor  enthalpy rise: 

The value of T4 was then  obtained f r 6 m  enthalpy  tables. 
- 
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Compressor Stage Performance 

Pressure  coefficient. - The pressure-coefficient is defined by the 
following equation: . .  

1 

For stages 1 and 2, K1 = 346 , 500; for stages 3 and 4 , K1 = 276 , 700. 

Flow coefficient.  - The flow coefficient is defined by the follow- 
ing  equation  (ref. 71: 

For s-ges I and 2, K2 = 143.7; for  stages 3 and 4,-%.= 174.8. 

. 
Net Thruat 

Net thrust is defined by the f ollowlng equation: 

For choked f low i n  the exhaust nozzle, it can be shown that (ref. 8) 
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By assuming that  Pg = Pl0, the net thrust then becomes: .. 
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Hmre 1. - InatSllatiOn of J65-E3 turboJet engine in altitude t e a t  cbmber. 
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w a l l  

(a) Uniform flow. 

19 

I (b) R a d i a l ,  30-percent penetration. 

r Split ter auctJ 
(&ended to in le t  
guide vanes) 

270 
0 

(c) R a d i a l ,  SO-perCat penetratlon. (a) Circumferential. 

Figure 2. - Screen locations for inlet-air distOrtiOne (looking downstream). 
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Screen locatio 
Btatic-preasure taps 

0 Total-preesure prdbea 
x ThermDEouplee & d l t t e r  duct (for reAfal distortions only) 

B g l i t t e r a U C t  &-on 2, unlfom flow and. 33-percent- 

Station 2, 50-percent-penetration radial Btatioa 8,  circuaderential distortion 
distortion 

Figure 3.  - Iastrummtation (looking dovnetream). 
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0 Total-pressure probe8 
x Themcouples 

21 

Transverse total- 

\ 

Btatioa 5 atstion 9 

Figure 3. - Concluded. Instrumentation  (looklng’downstream). 
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Figure 4. - Inlet total-pressure  variation wiFh distortion for a range of 
corrected englne epeeds. Station 2. 
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(b) Compressor second stage. 
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. (c) Comgresaor fourth stage. 

(a) station 3 (compressor outlet). 
1.05 

.95 
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. -  
80 . ido' . .. 

Passage depch, percent 

(e) Station 5 (turbine outlet). 

Figure 5. - Total-pressure pmfllcs  ulth radial dietortion. Corrected engine sped,  8300 rpm. 
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Distor t ion 
0 Radial, 50-percent  penetration 
0 R a d i a l ,  50-percent  penetration 
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[b] Compressor fourth stage. 
1 

(c )   S ta t ion  3 (compressor o u t l e t ) .  
.05 

.95 
0 20 40 . -  60 80 

Passage  depth, percent- 

(a) Stat ion 5 ( turb ine   ou t le t )  . 
Figure 6. - Total-temperature  profiles  wlth  radial   distortton. 

Corrected  engine  speed, 8300 rpm. . 
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(c) Station 5 (turbine outlet). 

Figure 7. - Total-presaure profiles wlth circmPerentia1 diatorfion. C o r r e c t e d  enshe speed, 8300 rpm. N m 
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(a) Altitude, 35,m feet. 
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(c) Altitude, 50,000 feet. 

Figure 16. - Concluded. Engine pumping characteristics. Plight Mach number, 0.8. 



J 

w 
a3 
P w 

NACA RM E55109 

16 * 

14 - 

12 

10 

8 

6 
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Reduction i n  a+erage  exhaust-gas  temperature,  percent 

Figure 17. - Loss i n   n e t  t h r u s t  due t o  reducing  the  ayerage 
exhaust-gas  temperature  below rated  wlth a fixed-area  exhaust 
nozzle. A l t i t ude ,  35,000 feet; flight Mach nuuiber, 0.8. 
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